This study employs multiple regression models based on DeFries and Fulker (1985) , and a large sample of twins, to assess heritability in attitudes towards economic risk, and the extent to which this heritability differs between males and females. Consistent with Cesarini, Dawes, Johannesson, Lichtenstein and Wallace (2009), it is found that attitudes towards risk are moderately heritable, with about 20 percent of the variation in these attitudes across individuals being linked to genetic differences. This value is less than one-half the estimates reported by Zyphur, Narayanan, Arvey and Alexander (2009) and Zhong, Chew, Set, Zhang, Xue, Sham, Ebstein and Israel (2009). While females are more risk averse than males, there is no evidence that heritability in attitudes towards risk differs between males and females. Even though heritability is shown to be important to economic risk taking, the analyses suggest that multivariate studies of the determinants of attitudes towards risk which to not take heritability into consideration still provide reliable estimates of the partial effects of other key variables, such as gender and educational attainment.
INTRODUCTION
Preferences for risk play a central role in everyday life. They impact decisions in financial (and insurance) markets, labor markets, and consumer markets. In labor markets they can, for example, affect migration decisions, employment negotiations, a person's career choice, and for a given career, the actions they take and hence their success. In financial markets they can affect investment and retirement portfolios, and hence wealth holdings. In consumer markets, they can, among other things, impact takeup of new products, preferences over health treatments, and bargaining over prices.
Reflecting this central role in everyday life, empirical research has examined whether there are systematic differences in attitudes towards risk across groups in the population. For example, Schubert, Brown, Gysler and Brachinger (1999) , Powell and Ansic (1997) and Eckel and Grossman (2002) , among others, examine whether there are gender differences in risk aversion. This work is based on experimental evidence. Hartog, Ferrer-i-Carbonell and Jonker (2002) , Dohmen et al. (2005) , and Bonin, Constant, Tatsiramos and Zimmermann (2008) study sources of heterogeneity in the willingness to take risks using survey data. Hartog et al.'s (2002) analysis aimed to quantify the links between risk aversion and a wide range of individual (e.g., educational attainment, gender), family (e.g., father's job level) and work (e.g., self-employment) characteristics, using several data sets and multivariate methods of analysis. The focus of the research by Dohmen et al. (2005) was on the variations in attitudes towards risk according to gender, age, body height and parental education. Bonin et al. (2008) examine native-immigrant 4 differences in willingness to take risk in a multivariate analysis that also covered educational attainment, household income, gender, marital status, family structure, body height, age and location.
The experimental-based and the survey-based evidence on attitudes towards risk have both been criticized. The experimental evidence has been criticized mainly on the grounds that the gambling/insurance experiments may not be well-connected to real world situations.
1 Different findings have been reported from the study of risk behaviour for abstract and contextual decisions. Survey evidence has been criticized largely because the data sets studied do not offer the control for background circumstances that can be achieved in the laboratory. Dohmen et al. (2005) , on the basis of analysis of a data set that contained both information collected via general risk attitude questions and information from a standard lottery experiment, however, have argued that survey measures are behaviorally relevant.
2 Dohmen et al. (2005) canvass avenues for future research, including establishing whether risk attitudes may be partially determined by genetics. This possibility is addressed by Cesarini, Dawes, Johannesson, Lichtenstein and Wallace (2009), Cesarini, Johannesson, Lichtenstein, Sandewall and Wallace (2010) , Zyphur, Narayanan, Arvey and Alexander (2009) and Zhong, Chew, Set, Zhang, Xue, Sham, Ebstein and Israel (2009) , where samples of twins are studied to provide evidence on the extent to which genetic variation accounts for heterogeneity in preferences for risk. Cesarini et al. (2009) applied behavioral genetics models to both experimentally elicited preferences for risk 1 See Falk and Heckman (2009) for a rebuttal of the main criticisms of the experimental evidence.
2 See also Ding, Hartog and Sun (2010) .
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and to responses to questions from a survey. As with the research by Hartog et al. (2002) , Dohmen et al. (2005) , and Bonin et al. (2008) , the survey-based evidence in Cesarini et al. (2009) was "derived from hypothetical questions that have been behaviorally validated" (Cesarini et al., 2009, p.811) . 3 Cesarini et al. (2009) report that preferences for risk taking are broadly heritable, with about 20 percent of the individual variation being linked to genetic differences. Little of the individual variation in preferences for risk could be linked to common environment factors. Cesarini et al. (2010) report that around 25 percent of the individual variation in portfolio risk is due to genetic variation.
This research was based on a field experiment in the form of a major pension reform in Sweden. In contrast, Zyphur et al. (2009) report that a much greater share, of between 45
and 63 percent, of the individual variation in attitudes towards risk was heritable. Similarly, Zhong et al. (2009) report the heritability of economic risk attitudes to be 57 percent.
Research based on twins has been used previously by economists to good effect in the study of both earnings and educational attainment. 5 In the study of earnings, the 3 Cesarini et al. (2009) reference the work of Dohmen et al. (2005) in support of this statement. 4 Classical twin studies assign variation in a phenotype, such as attitudes to risk, to either: additive genetic effects (A); dominant genetic effects (D); shared environmental effects (C); or unshared environmental effects (E). Heritability is the ratio of additive and dominant genetic variation to the total variation. With data only on twins, only D or C can be estimated. D is assumed to be present when the within-twin pair correlation on the phenotype for monozygotic twins is more than twice that for dizygotic twins. Cesarini et al. (2009) estimate an ACE model, as their testing for dominant genetic effects did not yield support for the alternative ADE model. In contrast, Zyphur et al. (2009) report evidence in favor of dominant genetic effects, and hence prefer the ADE model, although they also present results from an AE model (they assumed C = 0 to nest this in their ADE model). Their estimate of heritability of 0.45 is from the AE model, and the estimate of heritability of 0.63 is from the ADE model. The difference between the correlations in the data for monozygotic and dizygotic twins used in the current study is similar to the case in Cesarini et al. (2009) , in that the hypothesis that the correlations for dizygotic twins are at least one-half those for monozygotic twins cannot be rejected.. 6 framework has been used to address the issue of genetic influences on earnings as well as the bias in the conventional estimate of the return to schooling. Due in large part to Ashenfelter and Krueger (1994) , this approach has stimulated considerable interest and has now been applied to data from the US (Ashenfelter and Rouse, 1996) , Australia Martin, 1995, 2006) , the UK (Bonjour, Cherkas, Haskel, Hawkes, and Spector, 2003) and Sweden (Isacsson, 2003) . This replication across countries has generated additional confidence in the findings.
The aim of the current study is to provide further evidence on the genetic variation in preferences for risk, using a larger and arguably more representative sample than those used by Cesarini et al. (2009 ), Zyphur et al. (2009 and Zhong et al. (2009 Slutske et al., 2009) , the focus of the current study is on responses to two general questions. First "On a scale of 1 to 10, with 1 meaning no risk, and 10 meaning extremely high risk, how much risk are you willing to tolerate when deciding how to invest your money?". Second, "On a scale of 1 to 10, with 1 meaning not at all conservative, and 10 meaning extremely conservative, how conservative are you in making decisions about how to spend your money?".
The current study, while taking a behavioral genetics perspective, will be based on models that will be familiar to economists. Specifically, we use multiple regression models based on DeFries and Fulker (1985) , which can be estimated using Ordinary
Least Squares, and which offer specifications that enable quantification of the genetic and common environment contributions to attitudes towards risk, along with the contributions of the regressors such as gender, age and educational attainment that have been the focus of past research. The issue of whether the genetic and common environment 8 contributions differ between males and females can be readily assessed within this framework.
The structure of this paper is as follows. Section II outlines the behavioral genetics model of DeFries and Fulker (1985) . Section III provides a brief overview of the data set. Included in this brief overview is a presentation of the variation in the responses to the two risk questions according to twin type, gender and age. Section IV presents the results of the estimation of the behavioral genetics model that accounts for variation in attitudes towards risk. Section V concludes.
II. A BEHAVIORAL GENETICS MODEL
The starting point for the DeFries and Fulker (1985) model (in the context of a study of the determination of risk preferences) is the estimating equation:
where Att ij is the attitude towards risk of the i th member (i =1, 2) of the j th twin pair (j = 1, n), Att -ij is the attitude of the respondent's co-twin, R ij is a coefficient of genetic relationship, which is defined using the fractions of gene frequencies derived in simple biometrical models, namely 1 for identical twins (monozygotic or MZ) and 0.5 for nonidentical (dizygotic or DZ) twins, and ν ij is a stochastic disturbance term. Given this definition of ij R , 3 α is, by construction, twice the difference between the identical and non-identical twins in the regression coefficients on the risk attitude variable of the co- α yield unbiased estimates of c 2 and h 2 , respectively (see .
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The regression model does not constrain the estimates of c 2 and h 2 to be in the unit interval. Thus, it is possible to find estimates of c 2 that are negative and of h 2 that exceed unity. Of particular concern in the current application is the former possibility (which can indicate the presence of genetic non-additivity, including genetic dominance (allelic interaction) or epistasis (gene x gene interaction)). In most studies of willingness to take risk, the measures of common environmental influences are found to be of minor importance. For example, if direct measures of family background are included in an equation explaining willingness to take risk (e.g., father's job level in Hartog et al., 2002, parental educational attainment in Dohmen et al., 2005) , they are typically found to be statistically insignificant and, where statistically significant, economically unimportant.
Similarly, in the variance components models of Cesarini et al. (2009) (2):
Behavioral Genetics Part
Economics Part
There are two distinct parts to equation (2): The first three terms, which are derived from the behavioral genetics literature, and the final four terms, which are standard in studies such as Hartog et al. (2002) and Bonin et al. (2008) . This thus illustrates a further advantage of the DeFries and Fulker (1985) model for this work, in that it enables an assessment of the contributions of genetic and common environment variation to attitudes towards risk in the context of a linear regression model similar to that used in prior research in this area.
The models outlined in equations (1) and (2) have been extended to capture differential heritability across levels of cognitive ability (Cherny, Cardon, Fulker and DeFries, 1992) , differential heritability by age (Wadsworth, Gillis, DeFries and Fulker, 1989) and differential heritability by gender (DeFries, Gillis and Wadsworth, 1993) . This is achieved, in the context of a focus on gender, and in relation to equation (1), by adding gender interaction terms as follows (see, for example, Detterman, Thompson and Plomin, 1990 , p.373):
In this model, 1 α is an estimate of environmentality (c 2 ) for males. 8 α is an estimate of the differential effect of c 2 for females compared to males. Similarly, 3 α is an estimate of heritability (h 2 ) for males, and 10 α is an estimate of the differential effect of h 2 for females compared to males.
There is one methodological issue that needs to be considered when using the model of DeFries and Fulker (1985) . The model was developed for the case where one twin had a deviant score on the variable of interest, thereby providing a natural index for assignment to the status of "twin" and "co-twin". For applications based on unselected samples, like the study of attitudes towards risk, there are a number of approaches that can be taken (see Cherny, Cardon, Fulker and DeFries, 1992) . These include random assignment to the status of "twin" and "co-twin", taking an average of the results from multiple trials involving random assignment as "twin" and "co-twin", and a double entry method. Under the double-entry method, each twin's risk attitude index is entered twice, once as "twin" and once as "co-twin", and all estimations are based on this doubleentered data. Studies that have compared findings from the double-entry method to averages obtained from multiple trials involving random assignment of members of twin pairs to twin and co-twin status in single-entry estimations have found that the two approaches yield similar results, and have preferred the simpler double-entry method (see, for example, Cherny, Cardon, Fulker and DeFries, 1992) . Hence the double-entry method is used in this study. Following , all standard errors are adjusted for the correct degrees of freedom computed on the basis of the true sample size. This adjustment factor is df double-entered df single entered .
III. THE AUSTRALIAN TWIN STUDY OF GAMBLING
The starting point for the data collection is the Australian Twin Registry Younger
Cohort (see Miller, Mulvey and Martin, 2006) As noted in the Introduction, the two key questions in The Australian Twin Study of Gambling that provide the basis for the current paper are: "On a scale of 1 to 10, with 1 meaning no risk, and 10 meaning extremely high risk, how much risk are you willing to tolerate when deciding how to invest your money?" and "On a scale of 1 to 10, with 1 meaning not at all conservative, and 10 meaning extremely conservative, how conservative are you in making decisions about how to spend your money?". These questions will be referred to as RISK and CONSERVE in the analyses that follow. (4) is lower than that for males (5).
Data on the distribution and means of responses to the CONSERVE question are presented in Table 2 . For this question, a lower value indicates lesser aversion to risk, and a higher value a more conservative approach. Again, this presentation treats the sample of twins as one of individuals. The first column is for all the sample. Here, the mean of the CONSERVE index is 6.13 (standard deviation is 2.19). The modal category is 5, and the median category is 6. There are relatively fewer people in the more risk averse tail for the CONSERVE question, and relatively more in the less risk averse tail for this question, than there is for the RISK question. However, other than for these observations there are not great differences. If we were to reverse the order of the coding (so that 10 = 1 and 1 = 10) of the CONSERVE index, the mean would be 4.87. In comparison the mean of RISK was 4.39. This suggests that respondents appear to interpret "investment" and "spending" to mean the same, or very similar, thing. Thus one should be able to use the data from the CONSERVE question (focused on spending) to test the robustness of findings based on the data from the RISK question (focused on investment). However, the correlation between RISK and (the re-scaled) CONSERVE is only 0.233. We return to this issue below. The similarity of identical and non-identical twins on the attitudes to risk (as measured by both RISK and CONSERVE) follows the evidence in Cesarini et al. (2009 ,   Table 1 ). The gender difference is in line with the survey-based evidence (see Dohmen et al., 2005) . Survey-based evidence also suggests that willingness to take risks is negatively related to age (see Dohmen et al., 2005) . In the current sample, the respondents were born between 1964 and 1971. In principle, this gives a seven-year age range. However, as the interviews spanned 2004-2007, twins can differ in age at interview by 11 years. Investigation of the univariate relationship between attitudes to risk and age showed that there was a weak, negative relationship. However, this was not statistically significant.
The RISK and CONSERVE variables have the expected relationship with selfreports of decision-making under uncertainty in the survey. Hence, for example, twins
were asked "If you had sufficient funds, would you prefer to keep your money in the bank or invest it?". The mean of RISK for twins who reported "Bank" was 3.19 (for CONSERVE it was 6.52) whereas the mean of RISK for those stating "Invest" was 4.67 (CONSERVE = 6.03). Both differences are statistically significant. Similarly, a regression of the largest amount the twin had ever gambled in a single bet on, alternatively, RISK and CONSERVE, showed that RISK was significantly and positively related to the amount stated, and CONSERVE was significantly and negatively related to the amount stated. In other words, both RISK and CONSERVE appear to be behaviorally relevant.
The discussion of the data in the Australian Twin Study of Gambling to date has treated the respondents as individuals. Table 3 In each comparison possible in Table 3 , the correlation coefficient for identical twins exceeds the correlation coefficient for non-identical twins. 13 The difference is statistically significant in each case with the RISK measure, but only for the data pooled across males and females for CONSERVE. 14 Moreover, the correlation coefficients for the CONSERVE variable are less than those for the RISK variable. Inspection of crosstabulations of the risk measures for the twins does not point to any single reason for this, though retest data provide an important insight. One hundred and sixty six subjects were re-tested on the gambling interview, at a mean test-retest interval of 3.5 months. The retest reliability is r = 0.63 for RISK, but only r = 0.26 for CONSERVE. This suggests that some respondents had difficulty with the CONSERVE question, and given the low reliability for this question, greater emphasis will be placed on the analysis of the RISK data. Note: Asymptotic standard errors in parentheses 13 The measures in Table 3 were also computed using a polychoric correlation, and using bootstrapping.
There is a minor, though inconsequential, increase in the standard errors under bootstrapping. The polychoric correlation coefficient is slightly larger than the Pearson correlation coefficient in each instance, although the same material conclusions can be drawn regardless of the choice of correlation coefficient.
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The RISK measure is similar to that used by Cesarini et al. (2005) . In that study, the mean of the measure of risk was 4.98 for identical twins and 5.25 for non-identical twins, and the difference was at the margin of statistical significance. In the current analysis the mean of RISK is lower, and does not differ by zygosity (Table 1 ). The correlation for identical twins in Cesarini et al. (2009, Table II ) was 0.384, which is higher than that in the current study (Table 3) , and the correlation for non-identical twins in Cesarini et al. (2009, Table II) , at -0.043, is lower than that in Table 3 . Table 4 lists results from application of the DeFries and Fulker (1985) model to the RISK measure. Table 5 contains the parallel set of results for the CONSERVE measure. The estimates (of heritability and of differential heritability) that are of primary interest are in bold. Prior to discussing these, however, brief comment on the coefficients of the statistically significant gender and educational attainment variables is provided.
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IV. STATISTICAL ANALYSES
Consistent with the earlier discussion, the results in Tables 4 and 5 show that females have a lower propensity to take on risk, and are more conservative. The female effect in the model for RISK implies that they provide scores on the 10-point RISK scale almost one less than their male counterparts. In the case of the CONSERVE measure, the female coefficient is almost two-thirds of a point. The better educated are more likely to take on risk, and are less likely to be conservative in their decision making. An extra 10 20 years of education is associated with an increase in the RISK score of about one, and is associated with a reduction in the CONSERVE score by about one-half a point. Comparison of the estimates for the effects of being female and educational attainment on attitudes to risk with estimates from models that do not include the information on twin type and the co-twins' attitudes towards risk indicates that the control for heritability does not greatly affect these other estimates. For example, the estimate for females corresponding to that in column (ii) of Table 4 is -0.714, and that for educational attainment is 0.109. In other words, studies such as Hartog et al. (2002) and Dohmen et al. (2005) , which do not control for heritability, still provide very reliable indications of the importance to willingness to take risk of these variables. As most survey-based studies will not permit a control for heritability, this is an important result.
Turning to the estimate of heritability, it is seen that this is 0.23 in the basic model of DeFries and Fulker (1985) in the case of risk (column (i) of Table 4 ). When additional controls for personal characteristics are added to the model (column (ii)), the estimate drops to 0.19, and this is largely due to the inclusion of the variable for educational attainment. The estimates presented in columns (iii) and (iv) of Table 4 indicate there is no evidence that heritability of attitudes towards risk differ between males and females.
Exactly the same finding emerges from analysis of heritability separately for males and females. The same findings also arises in models where the constraint that c 2 = 0 is not imposed.
In the case of the CONSERVE index (Table 5) , the estimate of heritability is a little lower than in the case of RISK, being 0.154 in the simple model of DeFries and Fulker (1985) , and 0.134 in the extended model that includes the controls for age, educational attainment, marital status and gender (columns (i) and (ii), respectively in Table 5 ). Again this slight reduction following the introduction of these statistical controls is linked to the inclusion of the variable for educational attainment. The lower estimate of heritability using CONSERVE is likely to be a result of the lower reliability of this measure. The results presented in columns (iii) and (iv) in Table 5 reveal there is no evidence that heritability of the CONSERVE measure differs between males and females.
Again, the same finding of similarity in the estimate of heritability for males and females emerges from analysis of the samples of males and females separately, and in estimations where the constraint that c 2 = 0 is not imposed. Notes: Robust 't' statistics in parentheses, adjusted to degrees of freedom of true sample size; estimations constrain c 2 = 0; (a) = variable not entered.
The estimates of heritability in the individual variation in attitudes to risk, as 
V. CONCLUSION
The study of twins has the potential to inform on the extent to which individual variation in an economic outcome or characteristic can be linked to heritability, shared environmental influences, and individual influences. This approach has previously been applied to the analysis of variations in earnings, educational attainments, and health outcomes. Recently, Cesarini et al. (2009 ), Cesarini et al. (2010 , Zhong et al (2009) and Zyphur et al. (2009) Zhong et al. (2009) . 16 It is based on multiple regression models, similar to those used in previous studies (e.g., Hartog et al., 2002) , which can be estimated using ordinary least squares and which enable direct estimates of both heritability and common environmental influences.
The results show that, like the study by Cesarini et al. (2009) , attitudes towards risk are moderately heritable. About 20 percent of the individual variation in attitudes towards risk can be linked to genetic differences. There is little, if any, difference in
